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1. Introduction

It is important that heterogeneous network (Het NW) deployments are effectively supported in LTE-Advanced [1]-[5]. In [3] and [4] we evaluated the uplink (UL) performance of LTE Release-8 (Rel-8) in Het NW deployments under the two serving cell selection schemes and presented that pathloss (PL) based serving cell selection can potentially provide significant higher UL performance gain. In [5], we also evaluated the influence for PDCCH performance due to the different maximum transmission power levels between macro-nodes and hotzone nodes with alternative serving cell selection scheme.
In this contribution, we evaluate downlink (DL) performance of LTE Rel-8 in the same Het NW deployment configurations as evaluated in [5], and clarify open issues for efficient coexistence with macro- and hotzone-cells.
2. Serving Cell Selection
Serving cell selection significantly affects performance in Het NW deployments. In this contribution, we use the following schemes:

· Received Power (RP) based serving cell selection: UEs are served by a cell with the highest DL RSRP;

· PL based serving cell selection: UEs are served by a cell with the smallest PL;
· Hotzone First (HF) serving cell selection: (this is defined hereinafter). 
PL based serving cell selection can potentially provide the significant higher UL performance gain [3]-[5]. However, due to the different maximum transmission power levels between macro-nodes and new nodes, it seems to seriously degrade received quality in DL. On the other hand, RP based serving cell selection can provide optimal SINR for each UEs but it may not provide enough gain of Het NW because of too narrow hotzone cell coverage especially near macro node.

HF serving cell selection takes into account SINR calculated from RSRQ and expands hotzone cell coverage as the following rules:

· If the highest SINR in hotzone-cells for a UE meets an arbitrary predetermined level, the UE is served by the hotzone-cell with the highest SINR;
· In this contribution, the predetermined level is set to -6.2 dB. This value is rather ad hoc and has not been optimized*;
· Otherwise, the UE is served by a cell with the highest SINR in both macro-cells and hotzone-cells.

This scheme is expected to expand hotzone-cell coverage and achieve higher DL performance gain compared to RP based serving cell selection.
*HF serving cell selection with this predetermined level is the same as described in [5].
3. Simulation
Here we show the simulation assumptions and parameters in Table 1 – 4. These are based on [6] and [7] except the assumptions marked with †. For placing of new nodes (we assume hotzone-nodes) and UEs, configurations 1 and 4 are evaluated and 4 drops are simulated for each configuration. 
We assume no PDCCH RX error to focus on potential DL performance gain in Het NW deployments. For the sake of simplicity, we approximate interference from outside of the strongest 21 cells on each serving cell selection criterion by 1-ray fading.
Table 1. 3GPP Case 1 (Macro-cell) system simulation baseline parameters.
	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 7 cell sites, 3 sectors per site†

	Inter-site distance
	500 m

	Distance-dependent path loss
	L=128.1 + 37.6log10R, R in km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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	Combining method in 3D antenna pattern
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	Channel model
	Typical Urban

	Number of BS TX antennas
	2

	Total BS TX power (Ptotal)
	46 dBm

	BS antenna gain after cable loss
	14 dBi

	Antenna bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Minimum distance between UE and cell
	>= 35 m


Table 2.  Heterogeneous (New-node) system simulation baseline parameters.
	Parameter
	Assumption

	Nodes per macro-cell
	1, 2, 4 or 10

	Distance-dependent path loss from new nodes to UE
	L=140.7 + 36.7log10R, R in km

	Shadowing standard deviation
	10 dB

	Shadowing
correlation
	Between cells
	0.5

	
	Between sectors
	N/A

	Penetration loss
	20 dB

	Antenna pattern (horizontal)
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	Channel model
	Typical Urban

	Total BS TX power (Ptotal)
	30 dBm

	Number of BS TX antennas
	2

	Antenna gain + connector loss
	5 dBi

	Minimum distance between new node and regular node
	>= 35 m

	Minimum distance between UE and new node
	> 10 m

	Minimum distance among new nodes
	 > 40 m†


Table 3.  Other simulation parameters.
	Parameter
	Value

	Duplex method
	FDD

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Bandwidth configuration
between macro-cell and new node-cell
	Co-channel

	Inter-cell interference modeling
	Explicit modeling

	UE speeds of interest
	3 km/h

	Number of UE RX antennas
	2

	UE antenna gain
	0 dBi

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional fairness

	UL receiver type
	Minimum Mean Square Error

	HARQ scheme
	HARQ-IR, up to 5 re-transmission

	Link adaptation
	CQI/PMI/RI reports with 4ms delay

	Channel estimation
	Ideal

	Number of symbols for PDCCH
	2

	Link to system mapping
	EESM, same 
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 value for all MCS


Table 4.  Placing of new nodes and UEs.

	Configuration
	UE density across
macro cells
	UE distribution
within a macro
cell
	New node
distribution
within a macro cell
	Comments

	1
	Uniform

25/macro cell
	Uniform
	Uncorrelated
	Capacity enhancement

	4
	Non-uniform
[10 – 100]/macro cell
	Clusters
	Correlated
	Hotspot capacity
enhancement


3.1. Simulation Results of Hotzones and UEs Placing Configuration 1
The DL user throughputs (5% worst / median / mean) are shown in Table 5 and the cumulative distribution functions (CDFs) of the DL user throughput, the CDFs of the macro- and hotzone-cell Effective SINR of using RBs (Rx E-SINR) and the fraction of users served by macro- and hotzone-cells are shown in Fig. 1 – 3, respectively. The parenthetical values in Table 5 indicate the performance gain over the macro only deployment.
Table 5 shows that all serving cell selection schemes provide performance gain on median/mean type user throughputs, but PL based serving cell selection causes degradation of 5% worst user throughput from macro only deployment. This is because as shown in Fig. 2, some UEs connected to hotzone nodes are exposed to significant interference from macro node due to the different maximum transmission power levels between the macro- and the hotzone-nodes. In contrast, HF serving cell selection provides higher performance gain in all user throughput types than that of RP based serving cell selection. The reason why HF serving cell selection overtops RP based serving cell selection is that the gain of efficient load-balancing due to expanded coverage as shown in Fig. 3 is greater than the degradation due to increase of low SINR users, and the number of extremely-low SINR users shown in PL based serving cell selection decreases.
In addition, Fig. 2 shows that the performance of Rx E-SINR at hotzone-cells is worse than that of macro-cells even in RP based serving cell selection which provides optimal DL SINR. This result indicates that hotzone-cells are exposed ruinous interference from macro-cells in Het NW deployments.
Table 5. User throughput in configuration 1.
	Serving cell selection
	RP based
	PL based
	HF

	User throughput
[kbps] (Gain)
	5%
worst
	Median
	Mean
	5%
worst
	Median
	Mean
	5%
worst
	Median
	Mean

	Macro only
	236
	508
	608
	236
	508
	608
	236
	508
	608

	1 Hotzone
	247
(5%)
	547
(8%)
	777
(28%)
	14
(-94%)
	650
(28%)
	814
(34%)
	256
(8%)
	582
(15%)
	800
(32%)

	2 Hotzones
	255
(8%)
	589
(16%)
	938
(54%)
	16
(-93%)
	726
(43%)
	1017
(67%)
	273
(15%)
	656
(29%)
	984
(62%)

	4 Hotzones
	275
(16%)
	693
(37%)
	1242
(104%)
	30
(-87%)
	913
(80%)
	1379
(127%)
	318
(34%)
	859
(69%)
	1332
(119%)

	10 Hotzones
	377
(59%)
	1218
(140%)
	1897
(212%)
	157
(-34%)
	1214
(139%)
	1976
(225%)
	476
(101%)
	1534
(202%)
	2040
(235%)
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         (a) 1 Hotzone
                                                    (b) 2 Hotzones
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         (c) 4 Hotzones
                                                    (d) 10 Hotzones
Fig. 1. User throughput CDF in configuration 1.
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         (a) 1 Hotzone
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[image: image15.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-15 -10 -5 0 5 10 15 20 25 30

Rx E-SINR[dB]

CDF

Macro only

RP based

PL based

HF

RP based

PL basedCE-SINR based

            Macro

            Hotzone

            Macro

            Hotzone

            Macro

            Hotzone

            Macro

            Hotzone

            Macro

            Hotzone

            Macro

            Hotzone

 　[image: image16.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-15 -10 -5 0 5 10 15 20 25 30

Rx E-SINR[dB]

CDF

Macro only

RP based

PL based

HF

RP based

PL basedCE-SINR based

            Macro

            Hotzone

            Macro

            Hotzone

            Macro

            Hotzone

            Macro

            Hotzone

            Macro

            Hotzone

            Macro

            Hotzone


         (c) 4 Hotzones
                                                    (d) 10 Hotzones

Fig. 2. Rx E-SINR CDF in configuration 1.
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          (a) RP based serving cell selection           (b) PL based serving cell selection     (c) HF serving cell selection
Fig. 3. Fraction of Users in configuration 1.
3.2. Simulation Results of Hotzones and UEs Placing Configuration 4
The DL user throughputs (5% worst / median / mean) are shown in Table 6 and the CDFs of the UL user throughput, the CDFs of the macro- and hotzone-cell Rx E-SINR and the fraction of users served by macro- and hotzone-cells are shown in Fig. 4 – 6, respectively. The parenthetical values in Table 6 indicate the performance gain over the macro only deployment.
Table 6 shows that all serving cell selection schemes provide performance gain on median/mean type user throughputs as well as the case of configuration 1 and PL based serving cell selection causes degradation of 5% worst user throughput from macro cell only deployment except 10 Hotzones case. HF serving cell selection provides higher performance gain than that of RP based serving cell selection. This is because that the gain of load-balancing due to the expanded hotzone-cell coverage is greater than the degradation due to the increase in the number of low SINR users.

The reason why the result of configuration 4 provides higher performance gain from macro only deployment than that of configuration 1 is to improving load-balancing because of UEs tend to be served by hotzone-cells due to the hotzone-nodes placed in the UE clusters.
In addition, Fig. 5 shows hotzone-cells are exposed to ruinous interference from macro-cells as well as configuration 1.

Table 6.  User throughput in configuration 4.
	Serving cell selection
	RP based
	PL based
	HF

	User throughput
[kbps] (Gain)
	5%
worst
	Median
	Mean
	5%
worst
	Median
	Mean
	5%
worst
	Median
	Mean

	Macro only
	191
	462
	603
	191
	462
	603
	191
	462
	603

	1 Hotzone
	206
(8%)
	526
(14%)
	832
(38%)
	15
(-92%)
	612
(33%)
	858
(42%)
	217
(13%)
	582
(26%)
	851
(41%)

	2 Hotzones
	228
(20%)
	590
(28%)
	1038
(72%)
	18
(-90%)
	730
(58%)
	1099
(82%)
	260
(36%)
	713
(54%)
	1087
(80%)

	4 Hotzones
	262
(37%)
	807
(75%)
	1398
(132%)
	43
(-78%)
	996
(116%)
	1507
(150%)
	327
(71%)
	1020
(121%)
	1491
(147%)

	10 Hotzones
	403
(111%)
	1762
(281%)
	2183
(262%)
	245
(28%)
	1384
(200%)
	2034
(237%)
	568
(198%)
	1944
(321%)
	2351
(290%)
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         (c) 4 Hotzones
                                                    (d) 10 Hotzones

Fig. 4. User throughput CDF in configuration 4.
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Fig. 5. Rx E-SINR CDF in configuration 4.
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          (a) RP based serving cell selection           (b) PL based serving cell selection     (c) HF serving cell selection
Fig. 6. Fraction of users in configuration 4. 
From these results, PL based serving cell selection which can provide significant higher UL performance gain deteriorates 5% worst user throughput badly in DL. On the other hand, RP based serving cell selection which is optimal scheme in terms of DL SINR cannot provide efficient performance by deploying hotzone nodes because the hotzone coverage is too narrow to improve load-balancing.

HF serving cell selection provides higher performance gain due to load-balancing, although it increases the number of UEs with larger interference from macro-cell. This result suggests there is a possibility that improves performance by optimal serving cell considering load-balancing in DL.
Also, considering significant performance gain of PL based serving cell selection in UL, we should study follows:

· An interference management to improve DL 5% worst user throughput in PL based serving cell selection;

· A scheme which can provide independent serving cell in UL and DL.

4. Conclusion
In this contribution, we evaluated the DL performance of LTE Rel-8 in Het NW deployment configurations 1 and 4 under some serving cell selection schemes. Our simulation results indicate the followings:

· PL based serving cell selection can potentially provide the significant higher UL performance gain [3]-[5] but in DL, it exposes many UEs to serious interference and causes degradation of 5% worst user throughput;
· From the standpoint of improving load-balancing by expanding hotzone-cell coverage, an alternative serving cell selection scheme which shows higher performance than that of RP based serving cell selection exists in DL;

· However, to expand coverage of hotzone-cell directly links with an increase in the number of UEs who suffer from interference from macro-cell. Therefore an inter-cell interference management scheme is very important.
We will study serving cell selection schemes for efficient coexistence of macro- and hotzone-cells with investigation from a viewpoint of both DL and UL performance improvement. Additionally, in the future meeting, we will study dynamic interference management schemes between them. 
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